Of the 129 temporal artery biopsies performed 17 (13.2%) were positive for Giant Cell Arteritis. 83% of patients had an American College of Rheumatology score of 3 or more and would not be biopsied in America. Colour Duplex Ultrasound scan now offers a greater sensitivity and specificity for the diagnosis of GCA. a r t i c l e i n f o Results: 129 temporal arteries were biopsied with a total of 17 positive biopsy results. 10 biopsy samples were insufficient to confirm or refute GCA. 8 patients within the biopsies negative for GCA had their prednisolone therapy stopped. 5 patients had unknown follow up, with the remainder (89, 87.3%) of the patients continued prednisolone management for treatment of GCA for at least 6 weeks. Conclusion: Overall 13.2% of our biopsies were positive for GCA and 87.3% of biopsy negative patients continued prednisolone therapy on clinical grounds. In the face of new diagnostic tests (high resolution MRI (Magnetic Resonance Imaging), colour duplex USS (Ultra Sound Scan) and PET (Positive Emission Topography) can we justify invasive surgery to all patients on histological grounds when the results may not alter management? Further investigation is needed directly comparing newer imaging modalities to histology.
Introduction
Giant cell arteritis (GCA) is an inflammatory vasculopathy affecting medium-and large-sized arteries. Also referred to as temporal arteritis, it characteristically affects branches of the carotid artery. While the superficial temporal branch of the carotid artery is particularly susceptible, arteries at any site can be affected. Temporal arteritis is defined by a granulomatous panarteritis with mononuclear cell infiltrates and giant cell formation within the vessel wall [1] .
It is among the common causes of acute blindness and is a medical emergency. Visual loss occurs in up to one-fifth of patients [2] . Guidelines from the British Society of Rheumatology (BSR), British Health Professionals in Rheumatology (BHPR) [2] and the European League Against Rheumatism (EULAR) [3] recommend initiating treatment immediately if giant cell arteritis is suspected. High-dose prednisolone has been shown, during decades of clinical practice, to be a very effective treatment [4] .
Early temporal artery biopsy (TAB) is recommended in all patients with suspected cranial GCA by the BSR and BHPR guidelines 2010, which is reflected in the NICE guidance 2014 (National Institute of Clinical Excellence). This should be performed within one week ideally; however the guidelines and evidence suggest TAB may remain positive for 2e6 weeks following initiation of glucocorticosteroids [2] .
If biopsy negative the guidelines recommend continuing treatment if: "there is a typical clinical and laboratory picture and response to glucocorticosteroids, or typical findings on ultrasound, or ischaemic complications typical of GCA (such as anterior ischaemic optic neuritis)." [2] . Table 1 shows the American College of Rheumatology's (ACR) classification criteria for GCA. Presence of three of the criteria are said to be diagnostic of GCA in America with a sensitivity of 93.5% and specificity of 91.2%. Note only one point is designated to TAB and that this differs to UK guidance.
Recent evidence suggests that Colour Duplex Ultrasound (CDS) and possibly other imaging modalities may have a significant role to play in the diagnosis of GCA and its associated pathologies. This combined with evidence that TAB in a small proportion of patients may not change the management of GCA may lead to a greater role for imaging modalities in combination with scoring systems such as the ACR classification for GCA [5] .
Aim
The aim of this study was to assess the impact of TAB histology on the clinical management of the patient with suspected GCA and the ACR score at presentation. Our hypothesis was three fold 1) The majority of patients at time of biopsy would have an ACR score of > or ¼ 3 2) That given the serious nature of temporal arteritis and the possibility of visual loss the majority of patients would remain on prednisolone despite a negative TAB; on clinical grounds. 3) Identifying a smaller cohort for potential targeting for TAB
Method
In designing this cohort study we followed the (Strengthening the Reporting of Observational Studies in Epidemiology) STROBE guidelines [6] and the study was registered on research registry under UIN 897.
A prospectively maintained database was queried for all TABs performed between 01/2012 until 03/2014 at a local District General Hospital. All patients' records were analysed for demographical For purposes of classification, a patient shall be said to have GCA (TA) if at least three of these five criteria are present. The presence of any three or more criteria yields a sensitivity of 93.5% and a specificity of 91.2%.
Table 2
Temporal artery biopsy results breakdown.
data and histology. Discharge summaries for subsequent admissions and GP records were queried for the treatment instigated and whether the management was altered 6 weeks post biopsy. Statistical analyses were performed using SPSS (IBM © ), descriptive statistics used are indicated within the tables they are quoted. Hospital episode database, discharge summaries subsequently were analysed for the presence of prednisolone on discharge summaries. If records were negative for prednisolone 6 weeks after TAB, GP records were consulted.
Patient inclusion criteria were any patient regardless of demographical data undergoing a TAB between 01/2012 to 03/2014; there were no exclusion criteria. Patient breakdown including lost to follow up in Table 2 .
Outcome data were demographical data, date of referral and biopsy, biopsy result, ACR score at time of biopsy and status of steroid therapy at 6 weeks post biopsy.
Results
A total of 129 Temporal arteries were biopsied between 01/2012 and 03/2014 with a total of 17 positive biopsy results. 10 biopsy samples were insufficient to confirm or refute GCA. Demographical data are shown in Table 3 including the average length of biopsies and time taken from referral to biopsy (see Table 4 ).
Of the biopsies performed within a week from referral 16 were positive (out of 102; 15.7%), with 80 being negative (78.4%) and 6 insufficient. This compared to 27 samples which were taken more than 7 days after presentation of which 22 were negative out of 26 (84.6%) with only 1 positive biopsy result and 4 insufficient samples.
There was no statistical difference between length of biopsies in both groups with the average length of biopsy being 9.7 mm in the >7day biopsy group and 10.2 mm in the under 7 day group.
In Table 5 the ACR score given to patients at the time of TAB is shown (ACR criteria; Table 1 ). 83% of patients in our cohort had a ACR 3 at presentation. Table 6 shows the breakdown of steroid management at 6 weeks post TAB. No histological evidence of GCA was shown in 102 patients. Of these 89 patients continued on their dose of glucocorticosteroid at 6 weeks post biopsy; 5 cases had no records on databases queried or at their GP of steroid duration. Eight cases were placed onto a tapering dose to stop based on poor clinical histories with negative biopsies. The 17 cases which were identified as positive continued their treatment as did the 10 cases that had insufficient biopsy's taken and continued the current prednisolone management on clinical grounds. No statistical difference was demonstrated in the steroid management between biopsy result groups (p ¼ 0.236).
Discussion
Time from referral to biopsy was performed within 7 days in 102 biopsies (79%). Overall the number of positive biopsies remains low with a maximum of 13.2%. At our unit we have a daycase pathway for temporal artery biopsy. This allows rapid referral to treatment times by one of two general surgeons lists twice weekly. Here the patient is assessed, consented and operated on within the same session. Demographical data ( Table 2 ) was statistically insignificant between groups except for sex which was significant. This is to be expected as female sex is a well established risk factor for GCA.
After 7 days (Table 3) only one positive biopsy result was found. However 81.4% of all biopsies performed at our institution are done so within 7 days. As such there is not enough evidence within our study to support whether TAB positive results will remain positive for a time beyond seven days as previous evidence suggests.
Currently our unit follows the BSR and NICE guidelines on TAB being performed in all patients suspected of having GCA. However Table 5 shows that nearly 83% of patients by time of presentation will have an ACR score of 3 or more and by American (ACR) guidelines would not warrant a biopsy; having sufficient clinical grounds to diagnose GCA (Sensitivity 93.5% and specificity 91.2%).
In our study nearly 8 out of 10 patients had a negative biopsy result and only 7.8% of these cases had their management altered subsequently ( Table 6 ). The average biopsy length recommended by the BSR guidelines is 1 cm, of which are average is above in this cohort, however there were a number of samples that fell below this minimum recommended size of 1e2 cm. Interestingly in the TAB negative group 84/89 patients had an ACR 3; this is highly indicative that the reason steroids were continued after 6 weeks was on clinical grounds. We make the readers aware of the following limitations of our data: 1) Patients on steroids at 6 weeks does not confirm how long these patients remained on steroid treatment for; although we picked 6 weeks as we felt this was ample time for patients to be placed on a tapering dose following a negative result. 2) We do not make the distinction between ophthalmic and non ophthalmic GCA. Patients with ophthalmic GCA will remain on high dose steroid for two weeks and will then taper their dose to a maintenance level. 3) Our TAB length meet the average minimum length for the guideline of >1 cm but many samples do not. This is important as skip lesions can be missed on short segments thereby resulting in a biopsy that is negative for GCA but in a patient whom has GCA.
Further study and discussion are needed on the appropriateness of TAB as a diagnostic test given the small number whose management is altered based on the result. In patients with a classical clinical presentation the diagnosis of GCA is straightforward with TAB providing histological confirmation only. Many argue that this confirmation is needed with the average GCA patient receiving 1 year's treatment of prednisolone with a 50% risk of relapse [7] .
By contrast, the diagnosis becomes challenging with nonspecific symptoms, which may present in the wide range of GCA manifestations. Our study concurs with other literature which has found similar rates of biopsy results to our own with low sensitivity, high false negative rates (7%, 1.8%, 18%, 16%, 31% and 34%.) [8, 5, 9, 10, 11] and therefore the risk of under detection. There are many reasons for a low pickup rate including skip lesions and steroid therapy duration prior to biopsy. Within our study we have tried to eliminate the latter with the short time to biopsy from referral; but this relies on the patient presenting within a short time of symptom onset and the referring clinician starting treatment in conjunction with referral.
It is clear that a temporal artery biopsy comprises only 1 point from a possible 5 points in order to make the diagnosis of temporal arteritis (Table 1) . It has been shown in a study of 111 temporal artery biopsies that 75 (67.5%) of these cases already had an American College of Rheumatology score of 3 or greater before a biopsy was performed and so the biopsy should not have affected management in this subset of patients [8, 5] .The result of a temporal artery biopsy is not always rapidly available. Given the nature of complications of giant cell arteritis, treatment is instituted or discontinued before biopsy results are available in 60e86% of cases [11] .
Temporal artery biopsies are not without complications and difficulties. These have included unintended biopsies of veins and nerves, postoperative haematoma, scalp necrosis, wound infection, damage to the facial nerve, and drooping of the eyebrow [12] . As well as cosmetic consequences of incisional alopecia, widening of the scar and foreign body reaction to entrapped hairs [1] . However it is a safe procedure, performed frequently with excellent outcomes in most units around the country.
GCA is now being recognised as a part of a larger process of vasculitis in many patients. The involvement of the thoracic aorta or its main branches in more than 45% of GCA patients is also associated with a 50% negative TAB [13, 14] New imaging modalities such as Positron Emission Topography (PET), Magnetic Resonance Imaging (MRI) and Colour Duplex Ultrasound (CDS) are demonstrating a much wider role in GCA with an ever increasing evidence base without the risks of surgery.
Positron Emission Topography (PET) imaging has become an established tool in oncology but it has also shown a promising role in the field of inflammatory diseases [15] . One of the main limitations of 18F-FDG PET/CT to become a reliable diagnostic tool is the lack of a standardized definition of vascular inflammation based on the intensity of the glucose analogue uptake.
High resolution MRI with contrast enhancement has shown signs of mural inflammation even in patients who received corticosteroids for >2 days before MRI imaging. A sensitivity of 0.80 and a specificity of 0.80 for the detection of GCA by using this imaging protocol were comparable with recent studies also with reported values of sensitivities between 80% and 85% and specificities ranging from 71% to 95% [15, 16] .
Colour Duplex Ultrasound (CDS) was the first imaging modality to show signs of temporal arteritis. Since then the resolution has increased dramatically and is now the highest resolution imaging of all the modalities used for diagnosis of vasculitis [17] . Typical findings are from oedema in the arterial wall often referred to as 'the halo' sign. The temporal artery in one study showed in biopsy confirmed temporal arteritis a characteristic 'halo' sign in 72% of patients; which persisted a mean of 16 days after initiation of prednisolone therapy. In the biopsy negative group this sign was not seen at all.
Three meta-analyses have been published on the use of CDS in GCA diagnosis [17, 18] [19] . The sensitivity of temporal artery duplex ultrasound was 87% with regard to clinical diagnosis, and specificity was 96% in one of the metaanalyses [17] . The presence of a bilateral halo seems to increase the specificity [19] . Some centres in the USA have reported reliable results with ultrasound examination and replaced first line temporal artery biopsy in cases with definitive clinical and ultrasound findings [20, 21, 22] .
In CDS the occipital arteries can also be included, which may be exclusively involved in some patients, particularly if they are presenting with retroauricular pain [23] . As can the facial arteries with jaw claudication. An experienced sonographer can perform a standardized ultrasound examination of the temporal and axillary arteries in 10 min [17] .To date evidence has failed to show whether CDS guided TAB can improve sensitivity [24] .
Conclusion
Many new modalities which are non-invasive are demonstrating a growing evidence base in the diagnosis of GCA. It is now becoming evident that GCA is a much more complex disease with associations including polymyalgia rheumatica, aneurysm formation and extracranial vessel involvement. Many units report low biopsy positive rates but these do vary; this concurs with our own results in this study. In our study we have shown that 83% of our patient would have not undergone biopsy if following ACR guidelines.
Temporal artery biopsy is an invasive surgery that carries risk. It is the authors opinion that temporal artery biopsy needs direct comparison with newer modalities such as CDS, PET or MRI that have in many studies to date shown comparable high specificity and sensitivity. New data emerging suggests that CDS can achieve similar specificity with a better sensitivity [25] .
As a less totalitarian approach as to whether to perform TAB we would argue a more targeted approach with biopsying those patients who have a clinical GCA diagnosis that does not fulfil the American College of Rheumatology diagnostic criteria with the investigation in the future as to whether diagnostic imaging could further reduce the number we biopsy. However this would have to be offered in a timely fashion to ensure that biopsy is not delayed therefore decreasing the likelihood of achieving a positive result.
In the face of non-invasive investigations that are offering potentially comparable results it is the author's opinion that the TAB is reduced to a smaller subset of patients where:
1) The diagnostic criteria similar to the American College of Rheumatology criteria are not met 2) In the future negative imaging or non diagnostic imaging once the evidence base has grown for these modalities Given the emergence of better potential results with CDS the management of temporal arteritis needs further investigation in the coming future with particular interest in the direct comparison of CDS and other imaging modalities to TAB.
The diagnosis of GCA can be difficult with both undertreatment and treatment carrying significant risks. We must offer clinicians pathways and investigations that support the clinician in making the difficult decisions regarding starting or cessating longterm steroid therapy; whilst most importantly limiting risk to the patient.
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